The posterior oral cavity, pharynx, and larynx are important reflexogenic areas. A number of supportive and protective reflexes can be initiated by stimulation of the mucosal receptors in these areas, which include free nerve endings and taste buds, supplied by branches of the glossopharyngeal and vagus nerves (Bradley et al., '83; Feindel, '56; Miller, '82; Pomerenke, '28; Sinclair, '70; Storey and Johnson, '75).
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Apparently there is no specific receptor associated with a particular reflex. Rather, the reflexes initiated by stimulation of these reflexogenic areas involve excitation of a number of receptors in different fields, supplied by various branches of both the vagus and glossopharyngeal nerves. It has been suggested that it is the spatiotemporal pattern of afferent impulses that determines the type of reflex initiated (Bradley et al., '83; Doty, '51; Jean, '84; Miller, '72a, b) .
To better understand the central integration of these afferent inputs it is necessary to study the extent of their central terminations. We investigated the central connections of the lingual-tonsillar branch of the glossopharyngeal nerve (LT-IX) and superior laryngeal nerve (SLN) in the lamb using horseradish peroxidase (HRP) because this species has been used extensively in physiological studies of upper airway reflexes (Car and Jean, '71; Harding et al., '75; Jean et al., '75; Storey and Johnson, '75) . Some electrophysiological experiments also have been conducted in lambs, but a thorough investigation of the central projections of these two nerves has not been made. This is quite different from rat and cat in which the projections of both the LT-IX and SLN have been described by using anatomical and electrophysiological techniques (Bradley et al., '85; Hamilton and Norgren, '84; Kalia and Mesulam, '80b; Nomura and Mizuno, '82, '83; Sessle, '73) . from 0.1 M cold acetate buffer (pH 3.3) onto slides coated with a solution of chrome-alum. One set was then counterstained with neutral red.
Tissue sections were examined under both darkfield and brightfield illumination and the distribution of HRP reaction product was mapped on a representative series of projection drawings.
Of the 16 animals examined in the present study 11 showed evidence of both anterograde and retrograde labeling in the brainstem. In addition to intensely labeled cell bodies, linear arrays of HRP reaction product indicative of neuronal fibers and the more random, irregular distribution of reaction product indicative of terminal labeling also were seen (Mesulam, '82) . In two other cases the anterograde label was insignificant although there was some retrograde labeling. In the remaining three animals only insignificant reaction product was observed and these brains were discarded.
RESULTS

Afferent projections of the lingual-tonsillar branch
Small bundles of LT-IX afferent fibers entered the brainstem over a n area from the middle of the dorsal cochlear nucleus extending caudally to the rostral pole of the dorsal motor nucleus of the v a e s (from about 7.2 to 6.0 mm rostral to obex). These fiber bundles coursed dorsomedially across the dorsal spinal trigeminal tract and nucleus to enter the solitary tract (ST) and nucleus of the solitary tract (NST) (Figs. 1B-C, 2A). After entering the ST and NST the majority of fibers turned and coursed caudally; fewer fibers turned in a rostral direction. Presumptive axon terminals in the NST extended from just rostral to the level of incoming fibers, to a level just caudal to obex. Rostra1 to the level at which the LT-IX entered the brain, small numbers of fibers terminated in the rostral pole of the NST. At the level of incoming fibers there was sparse terminal labeling in both the medial and lateral aspects of the NST. The majority of descending fibers terminated in the dorsal portions of
METHODS of the glossopharyngeal nerve Surgery
Experiments were performed on 16 Suffdk lambs, aged 30-55 days, with weights of 9-15 kg. Animals were anesthetized with an intravenous injection of sodium pentobarbital (15-20 mgkg), tracheotomized, and given supplemental anesthetic via a jugular catheter. In five lambs, the right or left SLN was approached by a ventral midline incision in the neck, dissected free near its insertion into the laryngeal cartilage, and cut distally. In four animals, the left LT-IX was located through an incision near the tip of the hyoid bone, dissected free of the surrounding tissues, and cut distally. In Seven other lambs, the left SLN and right LT-IX both were dissected to permit direct comparison of the central projections of these two nerves.
The cut central ends of the isolated nerves were placed on a piece of Parafilm shaped into a small boat; crystalline HRP (Sigma VI) was continually applied to the nerve end for 20-90 minutes. The Parafilm was then closed around the nerve, the ends were sealed, and the Parafilm was coated with Vaseline to prevent HRP leakage. The incision the anesthesia with appropriate postsurgical care.
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was closed and the animals were allowed to recover from After 72 hours the lambs were anesthetized and perfused through the carotid arteries. The blood was flushed from the vascular system with 2 liters of 0.1 M phosphate buffer containing 0.9% sodium chloride and 0.003% heparin, followed by 1 liter of a solution of 1.25-4.0% glutaraldehyde psvn principle trigeminal nucleus and 1.0% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) and finally by 1.5-2 liters of cold (4°C) 10% sucrose in 0.1 M phosphate buffer (Mesulam, '82) .
The brainstem from the inferior colliculus to the upper cervical cord was removed immediately and stored for 24 hours in cold 10% sucrose in 0.1 M phosphate buffer. Serial cord were Cut on a sliding microtome. Sections were either coronal or horizontal and were collected in 0.1 M phosphate buffer. The tissue was treated with tetramethyl bemidine as a chromagen for the demonstration of HRP reaction product (Mesulam, '82 
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Labeled cells in the NA were found a t the same levels as those in the ISN, but the majority were located in the caudal extent of this region (Fig. 1B-D) . The fibers of most NA cells coursed rostrally in a dorsomedial direction across the reticular formation to form a genu near the midline, just ventral to the fourth ventricle. The fibers then exited the brain together with the fibers from the ISN, forming one bundle (Figs. 1B-C, 2A). Fibers from a small number of NA cells did not form a genu, but instead coursed dorsomedial for a short distance and then turned to descend with the major efferent bundle.
the medial NST and in the medial aspects of the lateral NST from just caudal to the dorsal cochlear nucleus to the nucleus prepositus hypoglossi (about 6.0-2.0 mm rostral to obex) (Figs. 1C-F, 2B, 3A-B). From the caudal nucleus prepositus hypoglossi to the level of the area postrema, fiber terminations in the NST were most numerous dorsolateral to the ST, with less terminal reaction product present in the ventrolateral NST (Figs. 1G-I, 2C,D, 3 0 . At more caudal levels (Figs. lHJ, 3D), extraperikaryeal HRP reaction product was seen in the cell-filled spaces between the ST, corresponding to the interstitial subnucleus previously described in the cat (Kalia and Mesulam, '80a) . No terminal labeling was observed in either the area postrema or the dorsal motor nucleus of the vagus, and no contralatera1 projections were observed as a result of labeling LT-IX.
Incoming afferent fibers also entered and descended in the dorsal spinal trigeminal tract (Vt). These fibers were traced to terminations in the spinal trigeminal nucleus (Vn), particularly to the dorsal portions of the caudal interpolar subnucleus and rostral nucleus caudalis from 2.0 mm rostral to 2.0 mm caudal to obex (Figs. 1G-I, 4B).
In addition to these caudally directed fibers a smaller number of LT-IX fibers ascended to midlevels of the pons. These fibers initially ascended with the ST to its rostral termination. From there they continued rostrally in approximately the same position to the level of the genu of the facial nerve, where they coursed dorsomedially to terminate just medial to and within the medial tip of the principal sensory trigeminal nucleus (PSVn) (Figs. lA, 4D). These labeled terminal endings were located about 300 pm rostral to the exit of the facial nerve, extending rostrally for approximately 350 pm. A smaller number of fibers reached this terminal area in the pons by coursing through the dorsal Vt. These fibers left the Vt in the pons and coursed along the dorsal edge of the PSVn to overlap with terminals of fibers which had traveled with the ST.
Afferent projections of the superior laryngeal nerve
Horseradish-peroxidase-labeled fibers entered the ventrolateral brainstem at a position somewhat caudal to those of the LT-IX, although there was some overlap (Fig. 5C,D) . Superior laryngeal nerve fibers entered from the level of the caudal extent of the dorsal cochlear nucleus to the rostral extent of the inferior olive (approximately 6.5-4.6 mm rostral to obex). The majority of these fibers coursed dorsomedially across the dorsal Vt and Vn and entered the ipsilateral ST (Fig. 5A) . Upon entering the tract, most fibers turned and ran caudally; a smaller number of fibers bifurcated, sending branches both rostrally and caudally in the ST.
The majority of axon arborizations and terminal endings were observed from 0.5 mm rostral to the incoming afferent fibers to upper cervical levels of the spinal cord ( Fig. 5C-I ). Near the level of incoming fibers, terminal labeling was observed in the medial NST with diffuse label in the lateral aspects of the NST (Figs. 3E-F, 5C,D, 6A). Further caudally, at the level of the rostral area postrema, dense reaction product was seen in the ventral portions of the medial NST and ventral to the ST (Figs. 3G, 5F ,G, 6B). A few terminals were also observed along the dorsomedial edge of the medial NST (Fig. 3G) . At caudal levels of the area . u postrema reaction product was located primarily in regions
Lingual-tonsillar efferents
lateral and ventrolateral to the ST or in the interstitial Cell bodies of labeled LT-IX efferent fibers were located area of the NST (Figs. 3H, 5H, 6C ). Caudal to obex, small either in the inferior salivatory nucleus USN) or the nu-numbers of labeled terminals were located just lateral to clew ambiguus (NA). Cells labeled in the ISN extended the ST, in the interstitial NST, and scattered throughout from the level of the dorsal cochlear nucleus caudal to the the commissural nucleus (Figs. 51,6D ). Still further caudal rostral extent of the inferior olivary nucleus (from about a small amount of reaction product was located in the 8.5-4.6 mm rostral to obex). These cells were located in the ipsilateral dorsal horn of the upper cervical cord. In addidorsal part of the reticular formation just ventral to the tion to these ipsilateral projections, a small number of fi-NST (Fig. 1B-D) . Fibers from cells in the ISN ran dorso-bers crossed the commissural nucleus to terminate in the medially for a short distance and then turned in a ventro-contralateral NST (right sides of Fig. 5G-I ). These contralateral direction and crossed the reticular formation to exit lateral projections were restricted to the medial NST and the brain ventral to the spinal trigeminal nucleus.
extended from 2.0 mm rostral to 2.0 mm caudal to obex. After bifurcating, most of the rostrally directed SLN fibers terminated in the medial NST just rostral to their medullary entrance. However, a few fibers projected rostrally to the caudal pons in a manner similar to that described for LT-IX fibers. These ascending axons terminated 'lightly lateral to the to and within the dorsomedial PSVn 12 mm rostral to obex (Figs. 4c, 5A ). As compared to the LT-IX, greater numbers of SLN afferent fibers entered and turned caudally in the dorsal half of the Vt. These axons descended to levels of the brainstem equivalent to the LT-IX projections to the spinal trigeminal system (2.0 mm rostral to 2.0 mm caudal to obex) and terminated in the dorsal and lateral spinal interpolar subnucleus
Superior laryngeal nerve efferents
Application of HRP to the SLN resulted in densely filled cell bodies in the nucleus ambiguus and adjacent reticular formation. These labeled cells were located between the caudal dorsal cochlear nucleus and the rostral inferior olivary nucleus (Fig. 5B-D) . Labeled axons from these cells coursed dorsomedially and rostrally to form a genu similar to that seen for LT-IX efferent fibers. The genu was located directly beneath the fourth ventricle, near the midline, and slightly caudal to the genu formed by LT-IX efferent fibers. From the genu, SLN fibers coursed ventrolaterally through the dorsal reticular formation and Vn to exit the medulla just ventral to incoming afferent fibers. The efferent and afferent SLN fibers were not as clearly separated as efferent and afferent fibers of the LT-IX. Also, a small number of filled cell bodies were located ventral to the NST in the ISN at a position just caudal to the LT-IX efferent cell bodies in this nucleus.
DISCUSSION
Afferent projections to the nucleus of the solitary tract
In animals in which the LT-IX was labeled on one side of the brain and the SLN on the other, a comparison of the afferent projections to the NST showed the distributions of these two nerves to coincide over a distance of approximately 4-5 mm. However, throughout much of this coincident projection, the afferent terminal distributions of these two nerves did not directly overlap in any given area. That is, in areas of coincident projection, the majority of LT-IX terminals tended to be located lateral t o the ST while SLN afferent fibers generally terminated in areas medial to the ST.
Although the majority of afferent terminations of these two nerves did not overlap throughout much of the NST, some convergent projections from LT-IX and SLN were observed in the medial, ventral, ventrolateral, and interstitial areas of the nucleus. The ventral and ventrolateral areas of the NST are known to contain cells involved in respiratory-related functions (Kalia et al., '79 Sessle and Henry, '85) . Cells in these areas are modulated by electrical stimulation of the SLN (Berger, '77) and by stimulation of areas innvervated by the SLN (the epiglottis and upper , respiratory tract) with water or chemical solutions (Sessle et al., '78; Lucier et al., '79; unpublished observations) . Activity of cells in the NST also can be influenced by stimulation of the glossopharyngeal nerve and these areas of the NST project to respiratory-associated areas of the medulla and spinal cord (Loewy and Burton, '78) . Thus at least some interaction between the afferent input from receptor populations served by these two nerves probably occurs as a result of the convergence observed in the present study and this convergence may be important for initiation of respiratory reflexes.
Another area of convergent projections was the interstitial region of the NST. This area of the NST has been shown to receive afferent fibers from the LT-IX and SLN in the rat (Hamilton and Norgren, '84) and cat (Nomura and Mizuno, '82, '83) . Work in progress in our laboratory demonstrates that some cells responsive to stimulation of the epiglottis with chemical stimuli are located in this area in the lamb. It is possible that chemical and tactile information carried by fibers innervating receptors in the caudal oral cavity, epiglottis, and larynx converge onto cells in these areas. These populations of NST cells would then be important in the integration of sensory input from the caudal tongue and upper airway, producing patterns of activity to regulate a variety of upper airway reflexes such as coughing, swallowing, gagging, apnea, etc. At present more physiological work needs to be conducted on the nature of the convergence between these two receptor areas and the effects of this convergence on upper airway reflexes.
The greatest concentrations of reaction product following HRP application to the SLN were in the medial NST at levels 2-5 mm rostral to obex. This area of the lamb solitary nucleus is important in the afferent control of swallowing (Car and Jean, '71; Jean, '72a; Jean and Car, '79) and has been called the afferent portal to the swallowing center, acting as a decoder for incoming sensory input (Doty, '68) . Lesions of this region of the NST abolished reflex elicitation of swallowing (Car and Jean, '71; Doty et al., '67) . Small lesions within the dorsomedial NST, areas seen to contain SLN fibers and terminals in the present study, abolished the esophageal phase of swallowing (Jean, '72b) . Using electrophysiological techniques, a number of investigators have found that stimulation of the sheep LT-IX and SLN evoked responses in this area of the solitary nucleus that related to swallowing activity (Car and Jean, '71; Ciampini and Jean, '80) . This region also is involved in control of esophageal peristalsis and has direct projections to cells in the nucleus ambiguus (Bieger, '84) . The LT-IX also terminated in this area of the NST, albeit less densely than SLN, supporting electrophysiological findings of convergence of these two nerves onto cells in the NST involved with deglutition.
Afferent projections to other brainstem nuclei
The LT-IX and SLN projections to the pons were substantially smaller than those to the NST and were confined to a discrete area located in and medial to the dorsomedial PSVn. The presence of a direct projection to the lamb pons is similar to that reported in HRP studies of the cat SLN (Nomura and Mizuno, '83) and rat LT-IX (Hamilton and Norgren, '84) .
The direct projections to the lamb pons seen in the present study provide an anatomical substrate for the results of Jean and his co-workers (Car et al., '75; Jean et al., '75) . Using electrical stimulation of the SLN and glossopharyngeal nerve in the sheep, they reported first-order sensory relay neurons in the pons at a position equivalent to the pontine projection in the present study. Our observation that these incoming afferent fibers divided to send axons in both rostral and caudal directions also supports electrophysiological work in sheep that suggested that fibers projecting to the pons divided after entering the brain, sending axons to both the pons and NST (Car et al., '75) .
The nature of the sensory input to these pontine neurons is at present unclear. Studies in the cat suggest that at least one function of these neurons may be the relay or processing of gustatory information. Afferent fibers of the cat facial nerve that convey gustatory and tactile information from the anterior oral cavity terminate in an area of the pons similar to that seen in the present study and neurons responsive to taste stimulation of the cat tongue have been detected electrophysiologically in this area as well (Nomura and Mizuno, '81; Bernard and Nord, '71) . Electrophysiological studies have shown that neurons in this region of the lamb pons project to the ventrobasal thalamus (Jean et al., '75) . This pontine area may also serve as a relay to integrate information from spatially separate receptor populations involved in the intake of food. Cells in this area of the PSVn receive afferent fibers from cortical areas responsive to oral tactile and gustatory stimuli (Tashiro, '82) . In addition, this area of the pons lies adjacent to the areas that are involved with the motor control of swallowing (Car and h i , '82) .
The projections of the LT-IX and SLN to the Vn confrm results reported in a wide variety of species with many anatomical techniques (Beckstead and Norgren, '79; Contreras et al., '82; Hamilton and Norgren, '84; Nomura and Mizuno, '82, '83; Torvik, '56) . The majority of these terminations occurred in the dorsomedial interpolar and caudal subnuclei at a level near obex.
The regions of the spinal trigeminal complex receiving LT-IX and SLN projections also receive afferent information from regions of the face and oral cavity via the trigeminal nerve (Jacquin et al., '83; Darian-Smith et al., '63; Hamilton and Norgren, '84; Torvik, '56) . This trigeminal projection is somatotopically organized in an inverted fashion with perioral structures represented dorsomedial within the interpolar and caudal Vn (Nord, '67; Olszewski, '50).
The projections of both LT-IX and SLN fibers to the Vn were generally restricted to the dorsomedial areas within these nuclei, projecting to an appropriate somatotopic position within the Vn. The LT-IX and SLN terminations in these areas probably relay thermal and mechanoreceptive information from the caudal oral cavity and upper airway, overlapping or complementing the trigeminal oral-facial afferent input to the Vn.
Studies of the interpolar and caudal Vn have not thoroughly investigated the contributions of the receptor populations innervated by the LT-IX and SLN. Cells in the these regions of the Vn may be important in the integration of sensory information important for initiation or maintenance of some upper airway reflexes. For example, the tactile properties of a stimulus can modify upper airway reflexes like swallowing (Jean, '84; Miller, '82 
Efferents of the lingual-tonsillar branch of the glossopharyngeal nerve and superior laryngeal nerve
The locations of filled somata following applications of HRP to the LT-IX and SLN were either in the ISN or in the ventrolateral medulla in and around the NA. The majority of SLN efferent fibers from cell bodies that lie in the region of the NA probably travel with the external branch of the superior laryngeal nerve to innervate the cricothyroid muscles of the larynx (Hisa et al., '84; Lawn, '66 ; Yajima and Hayashi, '83; Yoshida et al., '82) . Lingual-tonsillar efferent cell bodies are situated just rostral to, and overlap, the distribution of SLN efferent cell bodies. They are probably involved in the innervation of caudal oral cavity skeletal muscles (Lawn, '66) .
Cells located in the medial NST send projections to the rostral NA to areas where we found the majority of labeled cells (Bieger, '84; Stuesse and Fish, '84; Travers and Norpen, '83) . The medial NST is one area in which we observed large numbers of SLN afferent terminations. The pathway from upper airway to medial NST via the SLN, to NA, and then back to the laryngeal musculature via the SLN or recurrent laryngeal nerve appears to be important in the control of some aspects of swallowing (Bieger, '84) and may also be involved in other upper airway reflexes.
The HRP-filled cells distributed beneath the NST were located in an area constituting the ISN (Bradley et al., '85; Contreras et al., '80) . The cells in this nucleus were arranged in an overlapping topographical distribution, with efferent cell bodies of LT-IX rostral to those of the SLN. It should be noted that only a very small number of cells were seen following application of HRP to the SLN, which suggests that cells involved in the parasympathetic innervation of the lamb laryngeal mucosa travel in more than this one branch of the vagus.
Finally, studies of HRP application to the SLN in the rat have reported the presence of labeled cells in the medial solitary nucleus (Hamilton and Norgren, '84) . In the present study no HRP-filled cells were observed in the medial NST. In addition, Nomura and Mizuno ('83) also failed to label cells in the NST of the cat following HRP application to the SLN.
The anatomical arrangement of the lamb LT-IX and SLN projections demonstrated in the present study confirms much of the work done in this species with neurophysiological techniques. It also suggests that certain regions of the lamb brainstem involved in upper airway reflexes receive convergent information from spatially separate receptor populations that can elicit these reflexes.
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